Abstract--In this paper a nonlinear controller is presented for
I. INTRODUCTION
HE principle theory of a vector controlled DFIM drive has been described in [1] . The structure of the system controller design in [1] is based on neglecting the voltage drop across the stator leakage impedance. Having mode this assumption, a steady-state error is always expected. To solve the above problems, a few researchers have tried to apply the nonlinear control approaches to DFIM drive system [2] , [3] . The nonlinear control technique reported so far for DFIM drive are almost parameters dependent or in other words are seriously affected by the machine parameters deviation.
Our purpose in this paper is to introduce a combined adaptive nonlinear controller for DFIM drive system for generating and motoring modes of operation below and above the base speed. According to this method, based on inputoutput feedback linearization and Sliding-Mode observer, an ideal linear torque controller is first designed for DFIM. The ideal input-output controller is capable of tracking a desired Moreover to preserve to the drive system robustness and also in order to remove the rotor speed sensor, a sliding-mode observer is designed that online detects the rotor resistance and rotor speed. In this observer the estimation laws are derived based on Lyapanouv stability theory and the rotor fluxes ( qr dr ψ ψ , ) are calculated by using the stator and rotor real currents. Moreover, using the two level back-to-back SVM-PWM voltage source inverters in the rotor circuit, the proposed control method can be applied for motoring and generating modes of operation below and above synchronous speed. In addition the rotor dc link voltage is maintain constant also based on input-output linearizing, using a rotating reference frame with d axis is coincide with the space voltage vector of the main ac supply. )
The generated torque of DFIM can be expressed in terms of stator currents and rotor flux linkage as
where P is the number of poles. The mechanical dynamic equation is given by
where J and B denote the moment of inertia of the motor and viscous friction coefficient, respectively, L T is the external load and m ω is the rotor mechanical speed (
be the state vector and let the generated torque e T be the output y of the dynamic system (1) ,that is
It is well known that the torque control is very important for high-performance motion control. However from (1) and (5) 
III. ADAPTIVE INPUT-OUTPUT FEEDBACK CONTROL
For the proposed nonlinear sliding mode controller, the state coordinate transformation is applied. Therefore the statecoordinates transformed model from (1) can be rewritten in a compact form as
where x is defined in (4) and 
At this stage the generated torque e T and the squared modules of the rotor flux linkage, The following notation is used for the lie derivative of a function
Iteratively, we define )
Define the change of coordinates as ) (
Then, the dynamic model of DFIM is given in new coordinates by 
Furthermore, a nonlinear state feedback decoupling the control inputs method is employed. We construct the new control inputs as follows
Then, the system (12) becomes .According to the equations of (17) ,the adaptive input-output control for first equation of (23) is designed as
. Similarly, the adaptive input-output feedback control for the second dynamic equation of (17) 
where [ ] 
Based on the Barbalat's Lemma [5] ,we can obtain
That is, 1 z e and 2 z e will converge to zero as ∞ → t . Therefore, the proposed controller is stable and robust, even if parametric uncertainties exist.
IV. DESIGN OF ROTOR FLUX OBSERVER
Using the stator measured voltage and currents, the space vector model of DFIM in the stator reference frame can be expressed by:
the adaptive rotor flux observer is introduced as:
where :
In order to develop the adaptation laws, one assumes that the motor speed, rotor and stator resistances are unknown constant parameters. Therefore from (27) and (28), the observer error dynamic is expressed by: 
where: VII. SYSTEM SIMULATION A C ++ computer program was developed to model this system on P.C.
The overall block diagram of the proposed controller is shown in Fig. 2 . In this program, a static runge-kutta fourth order method is used to solve the system equations. The effectiveness and validity of the proposed approach is tested for a three-phase 5 KW, 380 V, six poles,50 Hz DFIM drive [4] by simulation. Fig. 3 shows the drive system performance in generating mode of operation above the synchronous speed. These results are obtained for the nominal condition and active and reactive power references and torque and flux references are shown in Also in the all mode of operations, the torque and rotor reference flux signals are obtained based on desired active and reactive power reference profiles which are injected to the stator from main ac supply.
VIII. CONCLUSION
In this paper an adaptive nonlinear controller has been introduced for DFIM drives. The proposed controller is designed based on input-output feedback linearization combined with Sliding-Mode observer. The proposed control approach has been tested for both the motoring and generating modes of operation bellow and above synchronous speed, using the two level SVM-PWM back-to-back voltage sources inverters in the rotor circuit. Computer simulation results obtained, confirm the validity and effectiveness of the proposed control approach.
